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Editors: Anton N. Sidawy and Bruce A. PerlerResults of the United States multicenter prospective study
evaluating the Zenith fenestrated endovascular graft for
treatment of juxtarenal abdominal aortic aneurysms
Gustavo S. Oderich, MD, Roy K. Greenberg, MD,
Mark Farber, MD, Sean Lyden, MD, Luis Sanchez, MD,
Ron Fairman, MD, Feiyi Jia, PhD, and Priya Bharadwaj, PhD
Objective: This study reports the results of a prospective,
multicenter trial designed to evaluate the safety and
effectiveness of the Zenith fenestrated endovascular graft
(Cook Medical, Bloomington, Ind) for treatment of jux-
tarenal abdominal aortic aneurysms (AAAs).
Methods: Sixty-seven patients with juxtarenal AAAs were
prospectively enrolled in 14 centers in the United States
from 2005 to 2012. Custom-made fenestrated stent grafts
were designed with one to three fenestrations on the basis
of analysis of computed tomography data sets. Renal
alignment was performed with balloon-expandable stents.
Follow-up included clinical examination, laboratory studies,
mesenteric-renal duplex ultrasound, abdominal radiog-
raphy, and computed tomography imaging at hospital dis-
charge and at 1 month, 6 months, and 12 months and
yearly thereafter up to 5 years.
Results: There were 54 male and 13 female patients with a
mean age of 74  8 years enrolled. Mean aneurysm
diameter was 60  10 mm. A total of 178 visceral arteries
required incorporation with small fenestrations in 118,
scallops in 51, and large fenestrations in nine. Of these, all
118 small fenestrations (100%), eight of the scallops (16%),
and one of the large fenestrations (11%) were aligned by
stents. Technical success was 100%. There was one post-
operative death within 30 days (1.5%). Mean length of
hospital stay was 3.3  2.1 days. No aneurysm ruptures or
conversions were noted during a mean follow-up of 37  17
months (range, 3-65 months). Two patients (3%) had
migration 10 mm with no endoleak, both due to cranial
progression of aortic disease. Of a total of 129 renal arteries
targeted by a fenestration, there were four (3%) renal artery
occlusions and 12 (9%) stenoses. Fifteen patients (22%)
required secondary interventions for renal artery stenosis/
occlusion in 11 patients, type II endoleak in three patients,
and type I endoleak in one patient. At 5 years, patient
survival was 91%  4%, and freedom from major adverse
events was 79%  6%; primary and secondary patency of
targeted renal arteries was 81%  5% and 97%  2%,*Full articles available online at www.jvascsurg.org
1078-5884/$ e see front matter
http://dx.doi.org/10.1016/S1078-5884(14)00623-6freedom from renal function deterioration was 91%  5%,
and freedom from secondary interventions was 63%  9%.
Conclusions: This prospective study demonstrates that
endovascular repair of juxtarenal AAAs with the Zenith
fenestrated AAA stent graft is safe and effective. Mortality
and morbidity are low in properly selected patients treated
in centers with experience in these procedures.Readmissions after complex aneurysm repair are frequent,
costly, and primarily at nonindex hospitals
Natalia O. Glebova, MD, PhD, Caitlin W. Hicks, MD, MS,
Ryan Taylor, MBA, Jeffrey J. Tosoian, MD, MPH, Kristine C.
Orion, MD, K.Dean Arnaoutakis, MD, George J. Arnaoutakis,
MD, and James H. Black III, MD
Objective: Readmissions after complex vascular surgery are
not well studied. We sought to determine the rate of
readmission after thoracic and thoracoabdominal aortic
aneurysm repair (TAA/TAAAR) at our institution and to
identify risk factors for and costs of readmission.
Methods: Using a prospectively collected institutional
database in conjunction with a Maryland statewide data-
base, we reviewed index admissions and early readmissions
for all patients who underwent TAA/TAAAR between 2002
and 2013 at the Johns Hopkins Hospital. Only Maryland
residents were included to capture readmissions to any
Maryland hospital.
Results: We identiﬁed 115 Maryland residents (58% men;
mean age, 65  1.2 years) undergoing TAA/TAAAR (57%
open repair). Early readmissions were frequent and occur-
red in 29% of patients. Of the readmitted patients, 79% (P
< .001) were not readmitted to the index hospital where
their operation was performed. Readmitted patients were
not signiﬁcantly different from nonreadmitted patients in
age, gender, race, aneurysm type, and index length of stay.
They were not different in preoperative comorbidities
(including coronary artery disease, diabetes mellitus,
smoking, renal insufﬁciency, and pulmonary disease), post-
operative neurologic, renal, and cardiovascular complica-
tions, or 30-day or 5-year mortality. Multivariable analysis
showed that signiﬁcant risk factors for readmission were
open repair (odds ratio, 3.12; 95% conﬁdence interval, 1.12-
9.54; P = .03) and postoperative pneumonia (odds ratio,
4.31; 95% conﬁdence interval, 1.28-15.4; P = .02). Read-
mitted patients had signiﬁcantly lower average income
compared with the nonreadmitted cohort (U.S. $$62,000 
$4000 vs $73,000  $3000; P = .04). Striking differences
were seen between patients readmitted to the index
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who were readmitted to a nonindex hospital: patients
readmitted to the index hospital were readmitted mainly
for aneurysm-related surgical issues, whereas patients
readmitted to the nonindex hospital were readmitted for
medical morbidities. An aneurysm-related intervention was
required in 75% of patients readmitted to the index hospital
vs in 9% of patients readmitted to the nonindex hospital.
Readmissions to a nonindex hospital cost signiﬁcantly less
than to the index hospital (U.S. $20,000  $4400 vs $42,000
 $8800; P = .03) and were not associated with increased
overall mortality.
Conclusions: Early readmissions after TAA/TAAA repair are
frequent and often occur at hospitals other than the index
institution. Risk factors for readmission include open repair
and postoperative pneumonia but not pre-existing patient
comorbidities. Readmissions to nonindex hospitals were
related to medical morbidities that were associated with
fewer interventions and lower costs compared with the
index hospital. Focusing on preoperative risk factors in this
group of patients may not lead to reduction in read-
missions. Minimizing nonsurgical complications may reduce
post-TAA/TAAAR readmissions and the high costs asso-
ciated with repeat care.The effect of hospital factors on mortality rates after
abdominal aortic aneurysm repair
Anahita Dua, MD, MS, MBA, Courtney L. Furlough, BS,
Hunter Ray, BS, Sneha Sharma, BS, Gilbert R. Upchurch, MD,
and Sapan S. Desai, MD, PhD, MBA
Background: Patient factors that contribute to mortality
from abdominal aortic aneurysm (AAA) repair have been
previously described, but few studies have delineated the
hospital factors that may be associated with an increase in
patient mortality after AAA. This study used a large national
database to identify hospital factors that affect mortality
rates after open repair (OAR) and endovascular AAA repair
(EVAR) of elective and ruptured AAA.
Methods: A retrospective analysis was completed using the
Nationwide Inpatient Sample from 1998 to 2011. Interna-
tional Classiﬁcation of Disease, Ninth Revision codes were
used to identify patients who underwent elective or rup-
tured AAA repair by OAR or EVAR. The association between
mortality and hospital covariates, including ownership, bed
size, region, and individual hospital volume for these
patients was statistically delineated by analysis of variance,
Ï2, and Mann-Kendall trend analysis.
Results: A total of 128,232 patients were identiﬁed over the
14-year period, of which 88.5% were elective procedures
and 11.5% were performed acutely for rupture. Most hos-
pitals that complete elective OAR do between one and 50
cases, with mortality between 0% and 40%. Hospitals with
mortality >40% uniformly complete fewer than ﬁve elective
OAR cases annually and fall in the bottom 2.5% of all hos-
pitals for mortality. Most hospitals that complete elective
EVAR do between one and 70 cases, with mortalitybetween 0% and 13%. Hospitals with mortality >13% uni-
formly complete fewer than eight elective EVAR cases
annually and fall in the bottom 2.5% of all hospitals for
mortality. The majority of hospitals that complete OAR or
EVAR for ruptured AAA have between 0% to 100% for
mortality, indicative of the high mortality risk associated
with rupture.
Conclusions: Hospitals that complete fewer than ﬁve OARs
or eight EVARs annually have signiﬁcantly greater mortality
compared with their counterparts. Improved implementa-
tion of best practices, more detailed informed consent to
include hospital mortality data, and better regional access
to health care may improve survival after elective AAA
repair.Ruptured splenic artery aneurysms are exceedingly rare in
pregnant women
Liliana Nanez, MD, Martyn Knowles, MD, J. Gregory
Modrall, MD, and R. James Valentine, MD
Objective: Pregnancy is cited as the most important risk
factor for splenic artery aneurysm (SAA) rupture, but the
true rupture rate of SAAs during pregnancy is unknown. Our
objective was to evaluate the prevalence of SAAs, based on
diagnostic and procedural codes, in an urban population
treated in a county hospital with the highest number of
births in the United States. We hypothesized that SAA
rupture in pregnant women is very low and that SAAs are
more likely to be diagnosed in older patients.
Methods: Patients diagnosed with a SAA during a recent 5-
year period were identiﬁed using International Classiﬁcation
of Diseases-Ninth Edition, Clinical Modiﬁcation, and Current
Procedural Terminology (American Medical Association,
Chicago, Ill) codes. Demographics, imaging, and risk factors
for rupture were reviewed.
Results:We identiﬁed 35 patients with SAA. Patients were a
median age of 63 years (interquartile range [IQR], 54-74
years), and 28 (80%) were women who were a median age
of 62 years (IQR, 54-74 years). The SAAs in the 35 patients
were a median size of 1.3 cm (IQR, 1-1.9 cm), and eight
(23%) were >2 cm. Despite the very large number of
deliveries recorded during the study period (67,616 births),
no women who were pregnant or aged <45 years were
identiﬁed. However, 89% of women with an SAA had pre-
vious pregnancies. Two women and one man (8.6%) expe-
rienced rupture, resulting in one death (2.9%). More than
one imaging study was available for 19 patients (60%)
without intervention for a median of 32 months (IQR, 7-76
months), with no signiﬁcant change noted. Three patients
underwent elective repair due to size criteria. Six patients
(17%) had concurrent aneurysms, including three renal
artery aneurysms, one aortic aneurysm, and three intra-
cranial aneurysms. No risk factor for enlargement or rup-
ture was particularly prevalent.
Conclusions: Ruptured SAAs are exceedingly rare in young
women, and no ruptured SAA were identiﬁed during
pregnancy in this study. SAA are frequently diagnosed as an
718 Abstractsincidental ﬁnding in middle-aged adults and tend to remain
stable over time in this population.An early validation of the Society for Vascular Surgery
Lower Extremity Threatened Limb Classiﬁcation System
David L. Cull, MD, Ginger Manos, MD, Michael C. Hartley,
MD, Spence M. Taylor, MD, Eugene M. Langan, MD, John F.
Eidt, MD, and Brent L. Johnson, MS
Objective: The Society for Vascular Surgery (SVS) recently
established the Lower Extremity Threatened Limb Classi-
ﬁcation System, a staging system using Wound character-
istic, Ischemia, and foot Infection (WIfI) to stratify the risk
for limb amputation at 1 year. Although intuitive in nature,
this new system has not been validated. The purpose of the
following study was to determine whether the WIfI system
is predictive of limb amputation and wound healing.
Methods: Between 2007 and 2010, we prospectively obtained
data related to wound characteristics, extent of infection, and
degree of postrevascularization ischemia in 139 patients with
foot wounds who presented for lower extremity revasculari-
zation (158 revascularization procedures). After adapting
those data to the WIfI classiﬁcations, we analyzed the inﬂu-
ence of wound characteristics, extent of infection, and degree
of ischemia on time towound healing; empirical Kaplan-Meier
survival curves were compared with theoretical outcomes
predicted by WIfI expert consensus opinion.
Results: Of the 158 foot wounds, 125 (79%) healed. The
median time to wound healing was 2.7 months (range, 1-18
months). Factors associated with wound healing included
presence of diabetes mellitus (P = .013), wound location (P
= .049), wound size (P = .007), wound depth (P = .004), and
degree of ischemia (P < .001). The WIfI clinical stage was
predictive of 1-year limb amputation (stage 1, 3%; stage 2,
10%; stage 3, 23%; stage 4, 40%) and wound nonhealing
(stage 1, 8%; stage 2, 10%; stage 3, 23%; stage 4, 40%) and
correlated with the theoretical outcome estimated by the
SVS expert panel.
Conclusions: The theoretical framework for risk strat-
iﬁcation among patients with critical limb ischemia pro-
vided by the SVS expert panel appears valid. Further
validation of the WIfI classiﬁcation system with multicenter
data is justiﬁed.Smoking cessation is associated with decreased mortality
and improved amputation-free survival among patients
with symptomatic peripheral artery disease
Ehrin J. Armstrong, MD, MS, Julie Wu, BS, Gagan D. Singh,
MD, David L. Dawson, MD, William C. Pevec, MD, Ezra A.
Amsterdam, MD, and John R. Laird, MD
Objective: Although smoking cessation is recommended for
all patients with peripheral artery disease, there are little
data regarding the prevalence of smoking among patients at
the time of angiography or the effect of smoking cessation
on clinical outcomes.Methods: Consecutive patients with claudication or critical
limb ischemia who underwent peripheral angiography from
2006 to 2013 were included in an observational cohort
analysis. Smoking status was assessed at the time of
angiography and during follow-up clinic visits. Kaplan-Meier
analysis was used to assess the relationship between
smoking cessation, mortality, and amputation-free survival.
Results: Among 739 patients (423 men and 316 women;
mean age, 60  12 years), 204 (28%) remained active
smokers at the time of lower extremity angiography. At the
time of angiography, the mean number of cigarettes
smoked per day was 16  10, and the mean pack-years was
40  25. During the course of the subsequent year, 61
patients (30%) successfully quit smoking and maintained
continued abstinence. Baseline medication use between
groups did not differ signiﬁcantly. The mean ankle-brachial
index was also similar for quitters vs nonquitters (0.53  24
vs 0.49  0.22; P = .3). During follow-up to 5 years, patients
who quit smoking had signiﬁcantly lower all-cause mortality
(14% vs 31%; hazard ratio, 0.40; 95% conﬁdence interval,
0.18-0.90) and improved amputation-free survival (81% vs
60%; hazard ratio, 0.43, 95% conﬁdence interval, 0.22-0.86)
compared with patients who continued smoking, with most
of the difference driven by reduced mortality among
patients who quit smoking. The ﬁndings remained sig-
niﬁcant on multivariable analysis.
Conclusions: Approximately one-third of active smokers with
peripheral artery disease successfully quit smoking â¤1 year
after lower extremity angiography. Patients who quit smok-
ing have lower mortality and improved amputation-free
survival compared with patients who continue smoking.Care of patients undergoing vascular surgery at safety net
public hospitals is associated with higher cost but similar
mortality that at nonsafety net hospitals
Mohammad H. Eslami, MD, Denis Rybin, MS, Gheorghe
Doros, PhD, and Alik Farber, MD
Objective: This study compared in-hospital mortality and
resource utilization among vascular surgical patients at
safety net public hospitals (SNPHs) with those at nonsafety
net public hospitals (nSNPHs).
Methods: The National Inpatient Sample (2003-2011) was
queried to identify surgical patients with peripheral arterial
disease (PAD), carotid stenosis, or nonruptured abdominal
aorta aneurysm based on International Classiﬁcation of
Diseases, Ninth Revision, Clinical Modiﬁcation diagnostic
and procedure codes. The cohort was then divided into
SNPH and nSNPH groups according to the deﬁnition of
SNPH used by the National Association of Public Hospitals.
Clinical characteristics, length of stay, in-hospital mortality,
and hospital charges were compared between groups.
Advanced PAD was deﬁned as that associated with rest pain
or tissue loss. Statistical methods included bivariate Ï2 tests
for categoric variables, t-tests for continuous variables, and
multivariable linear and logistic regression to adjust for
confounding variables (in-hospital mortality).
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PAD, carotid stenosis, and abdominal aortic aneurysm.
Patients at SNPHs were younger, the percentage of female
and minority patients was higher, and patients had a higher
Elixhauser comorbidity index (P < .001). Nonelective
admissions were more common among SNPH patients who
presented with more advanced PAD (P > .05) and symp-
tomatic carotid stenosis (P < .05). Patients at SNPHs had a
signiﬁcantly longer length of stay, higher hospital charges,
and higher in-hospital mortality (P < .05 for all variables).
Crude odds of mortality at SNPHs were 1.28 higher than at
nSNPHs (95% conﬁdence interval, 1.13-1.46; P < .001), but
adjusted analyses revealed no statistically signiﬁcant dif-
ference between the odds of in-hospital mortality at both
hospital groups.
Conclusions: Patients undergoing vascular surgery at SNPHs,
despite being younger, had higher comorbidities, presented
more urgently with more advanced disease, and incurred
higher costs than the SNPH cohort despite similar adjusted
odds of in-hospital mortality. Delayed presentation and
higher comorbidities are most likely related to poor access to
routine and preventive health care for the SNPH patients.The effect of Surgical Care Improvement Project measures
on national trends on surgical site infections in open
vascular procedures
Anahita Dua, MD, MS, MBA, Sapan S. Desai, MD, PhD, MBA,
Gary R. Seabrook, MD, Kellie R. Brown, MD, Brian D. Lewis,
MD, Peter J. Rossi, MD, Charles E. Edmiston, PhD, and
Cheong J. Lee, MDObjective: The Surgical Care Improvement Project (SCIP) is a
national initiative to reduce surgical complications, includ-
ing postoperative surgical site infection (SSI), through pro-
tocol-driven antibiotic usage. This study aimed to determine
the effect SCIP guidelines have had on in-hospital SSIs after
open vascular procedures.
Methods: The National Inpatient Sample (NIS) was retro-
spectively analyzed using International Classiﬁcation of
Diseases, 9th Revision, diagnosis codes to capture SSIs in
hospital patients who underwent elective carotid endar-
terectomy (CEA), elective open repair of an abdominal
aortic aneurysm (AAA), and peripheral bypass. The pre-SCIP
era was deﬁned as 2000 to 2005 and post-SCIP was deﬁned
as 2007 to 2010. The year 2006 was excluded because this
was the transition year in which the SCIP guidelines were
implemented. Analysis of variance and Ï2 testing were used
for statistical analysis.
Results: The rate of SSI in the pre-SCIP era was 2.2%
compared with 2.3% for CEA (P = .06). For peripheral
bypass, both in the pre- and post-SCIP era, infection rates
were 0.1% (P = .22). For open, elective AAA, the rate of
infection in the post-SCIP era increased signiﬁcantly to 1.4%
from 1.0% in the pre-SCIP era (P < .001). Demographics and
in-hospital mortality did not differ signiﬁcantly between the
groups.
Conclusions: Implementation of SCIP guidelines has made
no signiﬁcant effect on the incidence of in-hospital SSIs in
open vascular operations; rather, an increase in SSI rates in
open AAA repairs was observed. Patient-centered, bundled
approaches to care, rather than current SCIP practices, may
further decrease SSI rates in vascular patients undergoing
open procedures.
